The purpose of this study was to: 1) evaluate the quality of promotional pedometers widely distributed through cereal boxes at the time of the 2004 Canada on the Move campaign; and 2) establish a battery of testing protocols to provide direction for future consensus on industry standards for pedometer quality.
T he Canada on the Move (COTM) campaign uniquely combined private sector distribution of pedometers through cereal boxes and a public sector research platform designed to evaluate the impact of this promotion. 1, 2 The use of pedometers as motivational devices for increasing physical activity levels has quickly shifted from the exclusive domain of the scientist to a regular feature in the lay literature. Concurrent with this widespread public awareness has been an explosion of various commercially available pedometer brands and models from which to choose. The price of these devices can range from $3 to $60 and is an important consideration for practitioners considering the distribution of pedometers as part of public health campaigns. Price alone cannot drive the choice of instrument, but if we are to standardize recommendations for physical activity in terms of steps/day, 3 it is imperative that, regardless of the instrument used, accuracy is valued above all other features. Inaccurate pedometers could do harm in terms of irritating potential users and/or providing incorrect and inappropriate feedback information.
In Japan, there are industry standards in place to regulate pedometer quality; instruments must be within 3% error of miscounting during normal walking. 4 Unfortunately, similar industry standards do not exist elsewhere, so there is no assurance of pedometer quality outside of Japan. Brand-to-brand comparisons are only now beginning to accumulate. [5] [6] [7] [8] [9] Unfortunately, pedometer models are discontinued on a regular basis with new brands surfacing frequently. In addition, we are now witnessing a proliferation of promotional pedometers, that is, instruments given away with other products at conferences, restaurants, and other venues and events. There is a lack of data on the performance attributes of these promotional pedometers.
A number of protocols have been described for assessing accuracy, or sensitivity, of pedometers. Quick screening tests include shake tests 10 and short walking tests, 10, 11 whereby users count steps taken and compare to pedometer outputs. Bassett and colleagues 5 first examined pedometer accuracy under controlled conditions using a treadmill protocol with 5 different speeds ranging from 2 to 4 miles . hr -1 in 0.5 miles . hr -1 increments (i.e., 54, 67, 80, 94, and 107 m . min -1 ). That same protocol has been subsequently used in additional accuracy studies of motion sensors 6, 7, 12 and therefore serves as a common protocol for comparison purposes, specifically performance at the 80m . min -1 (approximately 3 miles . hr -1 ) speed considered most reflective of normal walking pace. 5 For comparison purposes, adults covertly observed "brisk" or "exercise" walking, self-selected a pace approximate to 94 13 and 107 m . min -1 , 14 equivalent to 3.5 and 4 miles . hr -1 , respectively. In addition to accurately counting steps, pedometers must also be able to discriminate against non-step movements (such as external agitation when driving in a car). A simple protocol has been used to assess the specificity of pedometers, that is their ability to censor these non-step movements. 12 Further, pedometer accuracy has also recently been examined under free-living conditions using accelerometers 7 and high quality pedometers 15 as criterion standards.
The purpose of this study was to evaluate the quality of promotional pedometers widely distributed through cereal boxes at the time of the 2004 Canada on the Move campaign. A secondary purpose was to establish a battery of protocols to evaluate pedometer quality and provide direction for future consensus on industry standards for pedometer quality. Such standards may be useful for researchers, practitioners and the public interested in selecting appropriate instruments.
METHOD

Participants
Participants in Studies 2 and 3 described below consisted of a convenience sample of nine female participants between the ages of 25 and 40 years of age, all of whom signed written informed consents prior to participation in any data collection. Study procedures were reviewed and approved by the Institutional Review Board at Arizona State University.
Instruments
Fifteen Kellogg's* Special K* step counters (K pedometers; manufactured for Kellogg Canada by Sasco, Inc.) were evaluated in all three studies described below and obtained directly from cereal boxes on store shelves across Canada by study collaborators. Previous batches of K pedometers obtained directly from the company (after initial screening using a mechanical shaking table) are not the focus of this presentation since they performed uniformly better in all protocols described below. Our decision to limit this evaluation to those pedometers obtained directly from store shelves is based on our belief that these instruments are more representative of those available to the public.
The pedometer brand that has received the most scientific attention has been the Yamax brand (Yamax Corp., Tokyo, Japan). The Yamax has consistently performed well in previous brand-to-brand comparisons [5] [6] [7] and has been widely used in research studies. Since it has been previously heralded as the criterion pedometer against which others may be compared, 8 we used nine instruments in these studies expressly for comparison purposes.
The dual-mode ActiGraph (formerly known as CSA model 7164 version 2.2, now distributed by MTI Health Services, Fort Walton Beach, FL) is an accelerometer that can collect both activity count data and the number of cycles in the signal, which manufacturers claim is representative of the number of steps taken. This accelerometer has performed consistently well as a step counter 7, 12 and has been widely used in research studies. The 25 percent error most of the per km driven 12, † percent error compared time [5] [6] [7] 12 to the ActiGraph accelerometer 7 100% of 5 instruments 3.9% mean absolute percent 19.5% mean absolute tested 7 error † percent error compared to the ActiGraph accelerometer † 100% of 9 instruments tested † ActiGraph has previously shown a strong relationship (r=0.80-0.93) with the Yamax under laboratory conditions 16 and under free-living conditions. 17 Therefore, the ActiGraph served as a criterion standard for our free-living condition when direct observation of steps taken was not feasible. ActiGraph data were downloaded as per manufacturer-recommended hardware and software. Data represented accumulated accelerometer steps detected, verified with synchronized time records.
Procedures
Study 1: 20
Step Test The 20
Step Test is a short rudimentary assessment to identify potentially problematic instruments. The procedure requires that the pedometer be secured at the waist (midline of the thigh, over the dominant foot), zeroed prior to any step taken, and then the output is recorded following 20 steps taken at a normal pace. An error of 1 step represents a 5% error. Error greater than this is considered unacceptable. 10 All 20
Step Tests were performed on all pedometers (i.e., 15 K and 9 Yamax) by study investigators on themselves prior to Study 2 and Study 3.
Study 2: Controlled Conditions
Treadmill: The purpose of the treadmill test was to evaluate pedometer performance (accuracy and reliability) during treadmill walking at 80m . min -1 (approximately equal to normal walking speed or 3 miles . hr -1 ), the speed at which pedometers can be expected to optimally perform. 5 Four K pedometers and one Yamax were attached at each participant's waist on an elastic belt. Previous researchers have indicated that positioning around the waist should not significantly alter pedometer performance. 5, 15 All pedometers were set to zero before participants walked on the treadmill according to a standardized protocol. 5 Pedometer outputs were recorded at the end of the walking bout. Actual steps taken (the criterion standard in this controlled condition) were verified by video recording aimed at the lower body throughout the measurement session to capture footstrikes during each session. K pedometers were rotated among participants until all 15 were evaluated.
Motor Vehicle: The purpose of the motor vehicle test was to evaluate pedometer performance under a condition of external agitation where no steps were taken. This protocol has been used previously. 12 Participants were monitored during a round-trip motor vehicle ride on paved roads (total distance travelled was 32.6 km). Again four K pedometers and one Yamax were attached as described above. We also attached an ActiGraph accelerometer for comparison purposes. Participants reset their pedometers to zero prior to departure and pedometer steps detected were recorded at the end of the trip. A two-minute washout period (with participants sitting still in the vehicle) was implemented before and after the drive to ensure that any movements detected outside the monitoring frame were not counted in the subsequent analyses of ActiGraph data. 7 Again, all K pedometers were rotated among participants until all were evaluated at least once.
Study 3: Free-living Conditions
The purpose of this study was to compare the percent error of four concurrently worn K pedometers and one Yamax relative to the ActiGraph accelerometer (selected criterion standard) during 24 hours of free-living (excluding sleep and water activities). The order of attachment of the specific pedometers tested was identical to the controlled conditions above. To correct for known ActiGraph over-counting error associated with motor vehicle travel, participants recorded odometer readings for any travel over the 24-hour period. 7 As before, all K pedometers were evaluated at least once on all participants.
DATA TREATMENT AND STATISTICAL ANALYSIS
Study 1: 20 Step Test
The proportion of pedometers with greater than ±5% error (i.e., 1 step in either direction) was computed and the range of error was explored.
Study 2: Controlled conditions
Treadmill: Le Masurier et al. 7 convincingly illustrated how pedometer error can vary in direction (over-and under-counting of steps) and that merely averaging this error without attention to direction can compress and underestimate error. Therefore, instrument accuracy for both the K and Yamax pedometers was computed as percent error ((steps detected -actual steps)/actual steps x 100) and expressed as absolute percent error, adjusting for direction of error as previously recommended by Le Masurier et al. 7 Direction of percent error (i.e., + or -) was categorized as under-(<-1%), exact (within ±1%), or over-(>1%) counting of actual steps taken and evaluated as frequencies. The rationale for the strict definition of error category was based on research summarized in Table I that demonstrated Yamax was accurate to within 1% of all steps taken at 80m . min -1 (3 miles . hr -1 ). An intraclass correlation (ICC) was computed across the four attached K pedometers as an index of intra-instrument reliability.
Motor vehicle: It was assumed that any steps detected were indicative of measurement error. Error (in terms of the number of non-steps detected) was reported and compared between instruments. Again, an ICC was computed across the four K pedometers to evaluate intra-instrument reliability.
Study 3: Free-living conditions
ActiGraph data were corrected for motor vehicle travel by 12.5 steps for every mile travelled. 12 Instrument accuracy for both the K and Yamax pedometers was computed as percent error ((steps detected -corrected ActiGraph steps detected)/corrected ActiGraph steps detected x 100) and expressed as absolute percent error. This time, direction of percent error (i.e., + or -) was categorized as an under-(<-10%), acceptable (within ±10%), or over-(>10%) counting of ActiGraph corrected steps/day. The 10% standard was based loosely on previous research that showed the Yamax had a 12.8% absolute percent error compared to the ActiGraph accelerometer during free-living conditions. 7 Also, Scheider et al. 8 have previously suggested that acceptable pedometer performance under free-living condition is considered to be within 10% of the Yamax. Finally, an ICC was computed to evaluate intra-instrument reliability across the four K pedometers.
RESULTS
Study 1: 20
Step Test Eight of 15 K pedometers (53%) showed greater than 5% error, ranging from -100% to +35%. In contrast, none of the 9 Yamax tested showed greater than 5% error.
Study 2: Controlled conditions
Treadmill: Figure 1 shows the frequency of under-(<-1%), exact (within ±1%), or over-(>1%) counting of actual steps taken by the two types of pedometers during treadmill walking at 80m . min -1 (3 miles . hr -1 ). Under-counting was the mode for the K pedometer (i.e., more than 50% of the time). Exact counting was the mode for the Yamax (i.e., more than 55% of the time). Mean absolute percent error for the K pedometer was 24.2±33.9% vs. 3.9±6.6% for the Yamax. The ICC across K pedometers was .394.
Motor vehicle: The K pedometers detected 28.4±63.1 non-steps compared to the Yamax pedometers which counted 5.0±7.6 non-steps and the ActiGraph which tallied 93.9±43.9 non-steps. The ICC across K pedometers was .701.
Study 3: Free-living conditions
Mean steps/day for the four attached K pedometers are shown in Table II relative to that of the Yamax and the ActiGraph (corrected for motor-vehicle wear). Figure 2 shows the frequency of under-(<-10%), acceptable (within ±10%), or over-(>10%) counting relative to ActiGraph corrected steps taken during the free-living condition. Under-counting was the mode for the K pedometer (i.e., more than 55% of the time) whereas the Yamax mode was acceptable (i.e., more than 60% of the time). No Yamax over-counted. Mean absolute percent error across all four K pedometers relative to the ActiGraph was 44.9±34.5% vs. 19.5±21.2% for the Yamax. The mean absolute percent error across all four K pedometers relative to the Yamax was 47.9±34.7%. The greatest under-counting error relative to the Yamax was 100% (i.e., four K pedometers did not detect any steps during the free-living condition) and the greatest over-counting error relative to the Yamax was 146% (the K pedometer detected 10,521 steps compared to the Yamax at 4,277 steps). The ICC across K pedometers was .111.
DISCUSSION
Although a number of brand-to-brand comparison studies of commercially available pedometers have been published, 5-9 this appears to be the first empirical study of promotional pedometers used in a national population-level distribution. In order to pass judgement on the quality of the K pedometer, however, it is necessary to consider its performance relative to other tested pedometers. We therefore present here a discussion of these previous studies in order to interpret our results within context. Recent reviews of published studies have catalogued the Yamax, Omron (Vernon Hills, IL), and Sportline (Campbell, CA) as the pedometers most frequently used in research. 18, 19 Published performance results of these three pedometers using the same selected protocols used herein (where data available) are summarized in Table I and serve as important benchmarks for comparison, particularly given the Yamax's wide acceptance as a criterion instrument. A notable exception to this conclusion was an article by Consumer Reports in October 2004, 20 which described findings contrary to those reported by scientists representing different laboratories. 7, 15 Specifically, Consumer Reports concluded that the Omron HJ-112 was the highest rated ("excellent") pedometer of 12 tested; the Yamax product (distributed as the Digi-Walker SW-701 by New Lifestyles, Inc., Lee's Summit, MO.) was ranked as 7 out of 12 and rated as "good". Part of the discrepancy in these results might be explained by the differences in protocols used to assess pedometer performance. For example, the Consumer Reports article indicated pedometers were tested while walking at 2.5mph on a treadmill, corresponding to approximately 67m . min -1 (2.5 miles . hr -1 ), slower than 80m . min -1 considered reflective of normal walking speed, 5 or 3 miles . hr -1 . Although Le Masurier et al. 7 did note that the Omron pedometer was on average more sensitive than the Yamax at these slower speeds, the pattern of error (under-, exact, over-counting) was inconsistent, suggesting similarly inconsistent quality control in manufactur-
Figure 1.
Frequency of under-(<-1%), exact (within ±1%), or over-(>1%) counting of actual steps taken by the two types of pedometers during treadmill walking at 80m . min -1 (3 miles . hr -1 )
ing. Further, increased sensitivity at slower speeds does not necessarily mean improved performance; there is a trade-off between sensitivity and specificity (i.e., more nonsteps would be detected) that must ultimately be biased towards counting "real" steps indicative of normal walking paces. 21 Although the Omron does detect within 1% of steps taken at 80 m . min -1 (3 miles . hr -1 ) and detects more steps than the Yamax at the slowest speeds, 6,7 it appears to over-count at higher speeds 6 and may be overly sensitive to non-step movements. 21 The diminished counting ability of the Yamax at slower speeds reflects a set sensitivity threshold; forces less than 0.35Gs will not be detected by the Yamax pedometer. 22 Shifting the sensitivity threshold lower would improve ability to detect steps at slower speeds/lower forces but at the expense of specificity (i.e., more false negative steps taken and subsequently more misinterpretation about activity levels). Without industry standards to regulate a constant sensitivity threshold among pedometers, we are unable to easily compare populations between studies or interpret individual values relative to recommended steps/day. Older adults instructed to walk "briskly" average between 92 and 95 m . min -1 (approximately 3.4-3.5 miles . hr -1 ), 23 a speed at which most pedometers excel in terms of accuracy. However, it is plausible that older adults with slower and/or impaired gaits 24 might find it more difficult to meet steps/day guidelines based on an instrument that censors movements with forces less than 0.35Gs. Regardless, it may be better to adjust these guidelines to important outcomes related to this population subgroup than to manipulate pedometer sensitivity thresholds to count more of those steps of insufficient force.
Regardless of protocol delivered in this study, the promotional K pedometer does not perform as well as the Yamax. Under free-living conditions, where the accuracy of pedometers is critically important if they are to be used for public health interventions and campaigns, the K pedometers included units that were non-functional (4 instruments detected no steps taken) or detected 146% more steps than the criterion Yamax. Nonfunctional instruments would be doubtless frustrating to users and might possibly discourage them from using other instruments. In the extreme case where the discrepancy amounted to 146% error, the individual who otherwise would be categorized as sedentary (i.e., taking <5000 steps/day) by Yamax standards would be categorized as active (i.e., taking >10,000 steps/day) by K standards. 3 Accuracy aside, we must emphasize that the K pedometers were distributed as part of a commercial marketing campaign. Industry mandates safety and packaging rules that could pre-empt other concerns, including instrument accuracy. This remains a potential problem for public-private collaborations involving tools or measurements. Although the K pedometer value in increasing walking remains to be studied, results of the awareness campaign have been evaluated (see Craig et al., this issue). 1 It is not within the scope of this paper to debate this issue further. 
Figure 2.
Frequency of under-(<-10%), acceptable (within ±10%), or over-(>10%) counting relative to ActiGraph corrected* steps taken during the free-living condition * ActiGraph data were corrected for motor-vehicle travel by 12.5 steps for every mile travelled. 12 Under-, acceptable, and over-counting
The Yamax is a research grade instrument, consistently detecting within 1% all steps taken at 80m . min -1 (3 miles . hr -1 ). [5] [6] [7] 10 Additional grades to consider include "acceptable-but not research grade" and "unacceptable". Crouter et al. 6 have suggested that instruments providing mean estimates within 10% of actual values (i.e., 10% error uncorrected for direction) on this controlled treadmill walk test are "fairly accurate", but not necessarily a "good choice for use in research studies." We would edit their suggestion slightly to recommend that performance be within 10% absolute percent error at 80m . min -1 (3 miles . hr -1 ) regardless of tendency to over-or under-count. As shown previously, averaging error without regard for direction can result in an underestimate of error. 7 Regardless, instruments that fall in this intermediate category might be considered acceptable but not research grade. Those failing to meet this 10% standard on the treadmill walking protocol, including the K promotional pedometers tested herein, would be considered unacceptable in terms of accurate performance.
However, it appears that evaluation of pedometers under controlled conditions alone is insufficient to pass final judgement on accuracy. In addition to detecting within 1% of steps taken at 80m . min -1 (3 miles . hr -1 ), we recommend that pedometers detect within 12-20% of the ActiGraph (or within 10% at least 60% of the time), based on these results and those reported previously 7 as summarized in Table I . The ActiGraph is known to have a lower sensitivity threshold than the Yamax and is therefore more susceptible to nonstep movements; 12, 22 the wide margin of difference between the instruments is likely the combined effect of two polar measurement biases. If the Yamax is used as the criterion standard to evaluate another pedometer's performance, an acceptable range of error would be within 10%. 8 In considering these two requirements for accuracy, the Yamax is a model of research grade, the Omron (not tested herein but deduced from previous research) appears to be acceptable but not research grade, and the promotional K pedometer evaluated herein is unacceptable.
To summarize, the stated purpose of this study was to evaluate the quality of promotional pedometers widely distributed through cereal boxes at the time of the 2004 Canada on the Move campaign. Using a battery of tests we have concluded that they are unacceptable and potentially harmful, although this latter conclusion is speculative at this time and deserves further evaluation. Our findings are based on a small sample of instruments that are not necessarily representative of all promotional pedometers. Regardless, these findings have implications for similar campaigns (i.e., distribution of pedometers in fastfood meals, at conferences and through local public health units). Widespread distribution of untested instruments of questionable accuracy through such broad distribution channels is a public health concern; adverse public reaction is plausible. There is a continued need for measurement studies like this if public-private sector collaborations such as the Canada on the Move campaign are to be successful. We also endeavoured to provide direction for future consensus on industry standards for pedometer quality. Specifically, we suggest that research grade pedometers: 1) be manufactured to a sensitivity threshold of 0.35 Gs; 2) detect ±1 step error on the 20 Step Test (i.e., within 5%); 3) detect ±1% error most of the time during treadmill walking at 80m . min -1 (3 miles . hr -1 ); as well as 4) detect steps/day within 10% of the ActiGraph at least 60% of the time, or be within 10% of the Yamax under free-living conditions. Such standards are necessary if we are to optimize the utility of pedometers and other such motion sensors for both research and practice purposes.
